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ABSTRACT
Objectives: The purpose of the present study was to compare the cytotoxicity of Reso-Pac and Coe-Pak periodontal dressing.
Material and Methods: According to ISO-10993-12:2012, 1-, 3- and 7-day extracts of the two periodontal dressings were 
prepared in cell culture medium and exposed to the two cultured cell lines. Cell viability and proliferation at 24 h and 72 h 
following exposure were evaluated using quantitative MTT assay. 
Results: The results showed a significant (P < 0.05) reduction in the viability of cells exposed to the 3- and 7-day Coe-Pak 
extracts at 24 h and 72 h compared to the control group (no exposure to the extract). Reso-Pac extracts slightly decreased 
cell viability compared to the control group. Understudy materials showed greater cytotoxicity against human osteoblast-like 
compared to the human gingival fibroblast cells. No significant (P > 0.05) difference was found in the viability of cells exposed 
to undiluted (100%) one-day extract and diluted (50%) extract of both understudy materials at 24 h and 72 h after exposure.
Conclusions: Based on the results, Reso-Pac periodontal dressing has less cytotoxicity than Coe-Pak.
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INTRODUCTION
Periodontal dressings are among the commonly used 
products by periodontists. Periodontal dressing was 
first introduced by Ward in 1923 [1]; he recommended 
its use following periodontal surgery. At present, 
periodontal dressings are extensively used for various 
purposes; however, their use following periodontal 
surgery is a matter of debate [2]. Several advantages 
have been described for periodontal dressings 
recommending their application following periodontal 
surgery including wound protection from mechanical 
trauma, wound stabilization [3,4], patient comfort, 
favourable adaptation to the underlying tissue, 
prevention of post-surgical bleeding or infection, 
decreased tooth hypersensitivity, clot protection from 
the loads applied during mastication and speech, 
prevention of gingival separation from the root [5], 
prevention of coronal displacement of an apically 
repositioned flap and providing extra support for free 
gingival grafts [6] during the tissue healing phase. 
In general, periodontal dressings are divided into 3 
groups:
1. Dressings containing zinc oxide eugenol (Ward’s 
Wondr Pak).
2. Dressings containing zinc oxide without eugenol 
(Periocare, Coe-Pak, Vac-Pac, Septo-Pac).
3. Dressings without zinc oxide and eugenol 
(cellulose-based dressings i.e. Mucotect and 
Reso-Pac) and light-cured resin-based dressings 
(i.e. Barricaid).
Several human and animal cell lines have been 
used for the assessment of the cytotoxic effects of 
periodontal dressings [7-9]. Eugenol-containing 
products can cause tissue inflammation, necrosis 
and allergic reactions and can subsequently delay 
the process of healing [10-13]. Thus, the application 
of these products has been limited. Coe-Pak is the 
most commonly used product from the second 
group of periodontal dressings. It is based on 
the reaction between a metallic oxide and fatty 
acid and is supplied in two tubes. The two pastes 
are mixed until a uniform colour is obtained and 
it is then applied [14]. Compared to group 1, this 
product has less cytotoxicity [15]. However, rosin is 
among the main constituents of Coe-Pak comprising 
of resin acids by 70%. It induces a strong dose-
dependent reaction in polymorphonuclear leukocytes 
(PMN) and human gingival fibroblasts under in vitro 
conditions. This effect decreases by an increase in 
zinc concentration.  Pure acids released from natural 
rosin are the main toxic compounds [16]. Induced 
contact allergy and skin dermatitis due to exposure 
to rosin-containing products have been confirmed by 
several researchers [17,18]. Published data regarding 
the biocompatibility of cellulose-based dressings 
are scarce. Reso-Pac is supplied in the form of a 
hydrophilic paste. It does not require mixing or 
preparation before use and remains in place for more 
than 30 h. It gradually dissolves in the saliva and does 
not need removal.
Table 1 shows quantitative data provided by the 
manufacturer regarding the composition of the 2 
understudy materials.
Many dental products cause allergic reactions in the 
oral cavity. But, these reactions in the oral cavity are 
less frequent than on the skin due to the presence of 
saliva and highly vascularized oral mucosa. Some in 
vitro tests have been recommended for the assessment 
of the cytotoxicity of periodontal dressings in the 
cell culture medium [19]. Implantation has also been 
suggested for the assessment of local cytotoxicity 
[20,21]. Although periodontal dressings are in 
contact with the tissue for only a limited period of 
time, they need to have the lowest tissue irritation 
possible. Therefore, this study was undertaken 
to compare the cytotoxic effects of Coe-Pak (the 
most commonly used dressing of the 2nd group) 
and Reso-Pac (cellulose-based dressing) and assess 
their biocompatibility in the cell culture medium at 
different time points.
Table 1. Composition of understudy periodontal dressings according to the manufacturing company
Materials Composition
Manufacturing 
company
Coe-Pak
Paste-Paste
Chemical cure
Base: rosin, cellulose, natural gums and wax, liquid coconut fatty 
acid, chlorothymol, zinc acetate, denatured alcohol methanol, 
petrolatum, lorothidol. GC, USA
Accelerator: zinc oxide, vegetable oil, mineral oil chlorothymol, 
silica, magnesium oxide, synthetic resin, coumarin.
Reso-Pac
Paste
Hydrophilic
Hager & Werken GmbH & Co. KG
Carboxymethyl cellulose, polyvinyl acetate, ethyl alcohol, myrrh, 
vaseline, polyethylene oxide, resin.
Hager & Werken 
GmbH & Co. KG
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MATERIAL AND METHODS
This study evaluated and compared the effects of 
Reso-Pac (Hager & Werken GmbH & Co. KG, 
Germany) and Coe-Pak (GC, USA) on the viability 
and proliferation of human gingival fibroblast 
(HGF1-PI1, NCBI: C165, Pasteur, Tehran, Iran) and 
human osteoblast-like (Saos-2, NCBI: C453, Pasteur, 
Tehran, Iran) cell lines using quantitative MTT assay 
compared to the control group (Table 1).
Preparation of samples and extracts
Samples were prepared according to the ISO-10993-
12:2012. From each of the studied materials, 6 
specimens were fabricated measuring 2 x 8 mm 
according to the manufacturers’ instructions under 
completely aseptic conditions. The specimens 
were exposed to UV light for a few minutes for 
sterilization. Each specimen was transferred to a 
sterile cell-culture 6-well plate and 2.5 ml of the 
Dulbecco’s modifed Eagle’s medium (DMEM- Gibco, 
USA) containing 1% penicillin-streptomycin (Gibco, 
USA) was added to each well. Plates were stored in an 
incubator (Memmert, Germany) at 37 °C, 5% CO2 and 
95% humidity and the extract was collected at one, 3 
and 7 days.
Cell culture
One day prior to the onset of experiment, 1500 cells of 
the two understudy cell lines were cultured in 100 μl of 
the complete culture medium in each well of a 96-well 
plate (SPL, Korea) and incubated for 24 h. At the day 
of experiment, the culture medium of each well was 
removed and replaced with the respective extracts after 
adding 10% Fetal bovine serum (FBS - Gibco, USA). 
Complete culture medium with no extract was added 
to the cells as negative control group (no cytotoxicity, 
100% viability). Sterile distilled water was added to 
the cells as positive control group (severe cytotoxicity, 
viability < 10%). The plates were then stored again in 
an incubator. 
Assessment of cell viability and proliferation using 
MTT assay
Quantitative MTT (dimethyl-thiazol-
diphenyltetrazoliumbromide) assay was used to 
assess the viability and proliferation of cells exposed 
to the dressing extracts.  MTT assay was performed 
according to ISO-10993-5:2009. At 24 h and 72 h 
after exposure, the 96-well plates were removed 
from the incubator and the medium in each plate was 
extracted. Cells were washed with sterile phosphate 
buffered saline (PBS) solution (Gibco, USA) and 
100 μl of the serum- and antibiotic-free culture 
medium containing 10% MTT dye (Sigma, Germany) 
was added to each well. The plates were then stored 
in an incubator at 37 °C for 3 h at 98% humidity 
and 5% CO2. During this time period, succinate 
dehydrogenase present in the mitochondria of healthy 
and metabolically active cells reduces MTT, a yellow 
tetrazole, to insoluble purple formazan crystals. After 
completion of the incubation period, the medium 
of cells was gently removed and 100 μl of dimethyl 
sulfoxide solvent (DMSO - Gibco, USA) was added 
to each well to dissolve insoluble formazan crystals. 
The absorbance (OD) of the coloured (purple) 
solution for each specimen has a direct correlation 
with the number of metabolically active cells. OD was 
measured by ELISA Reader (Anthos 2020, Austria) 
at 570 nm wavelength with a 620 nm reference 
filter. The percentage of cell viability was calculated 
by dividing the mean absorbance of each group by 
the mean absorbance of the negative control group 
multiplied by 100 (Tables 2 and 3; Figures 1 and 2).
Statistical analysis
The assay was repeated at two different time 
points and the mean value (obtained by the 
quantitative MTT assay) was calculated, compared 
with the negative control group (regular culture 
medium alone, no cytotoxicity, 100% viability) 
and the percentage of increase or decrease in cell 
viability and proliferation was determined. Data 
were presented as mean standard deviation (SD). 
Table 2. Percentage of viability of human gingival fibroblast cells at 24 h and 72 hours after exposure to 1-, 3- and 7-day extracts of Coe-Pak 
and Reso-Pac compared to the NC group
Time
% viability (Mean [SD])
NC Coe-Pak extracts Reso-Pac extracts PC
Day 1 Day 3 Day 7 Day 1 Day 3 Day 7
24 h 100 (4.1) 92.9 (3.5) 11.5 (0.7) 10.5 (1) 110.5 (0.6) 92.5 (4.8) 71.3 (3.1) 10.1 (0.6)
72 h 100 (0.6) 93.6 (5.8) 10 (0.5) 12.2 (0.2) 114.7 (3.5) 96.8 (3) 83.6 (2.5) 5.4 (0.4)
SD = standard deviation; NC = negative control (regular culture medium alone; without extracts, no cytotoxicity, 100% viability); PC = 
positive control (cytotoxic, viability ≤ 10%).
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Figure 1. The effect of 1-, 3- and 7-day extracts of Coe-Pak and Reso-Pac on cell after 24 h exposure compared to the NC group and one 
another: A = human gingival fibroblast (HGF); B = human osteoblast-like cell (Saos-2).
aStatistically significant difference with NC group at the level P < 0.05 (One-way ANOVA, Tukey’s post-hoc test).
bStatistically significant difference between the groups at the level P < 0.05 (One-way ANOVA, Tukey’s post-hoc test).
NC = negative control (no cytotoxicity, 100% viability); PC = positive control (cytotoxicity, viability ≤ 10%).
Table 3. Percentage of viability of Saos-2 cells at 24 h and 72 hours after exposure to 1-, 3- and 7-day extracts of Coe-Pak and Reso-Pac
Time
% viability (Mean [SD])
NC
Coe-Pak extracts Reso-Pac extracts
PC
Day 1 Day 3 Day 7 Day 1 Day 3 Day 7
24 h 100 (1.9) 61.5 (2.7) 5 (0.9) 3.8 (0.2) 85.6 (4.8) 93.4 (3.4) 71.4 (4.9) 4.4 (0.3)
72 h 100 (0.7) 65.8 (0.9) 3.1 (0.1) 3.2 (0.6) 90.5 (2.5) 92.7 (3) 73 (6) 3.9 (0.9)
SD = standard deviation; NC = negative control (regular culture medium alone; without extracts, no cytotoxicity, 100% viability); PC = 
positive control (cytotoxic, viability ≤ 10%).
MTT assay 24 h after extract exposure to Saos cells
NC 1-day
Coe-Pak
Reso-Pak
Cell viability
(% of control)
3-day 7-day PC
Time-course extracts (days)
MTT assay 24 h after extract exposure to HGF cells
Time-course extracts (days)
Cell viability
(% of control)
NC 1-day 3-day 7-day PC
Coe-Pak
Reso-Pak
a
aaa
a
a
a a a
a
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b
b
b
b
b
b
b
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GraphPad prism v6.01 software and one-way 
ANOVA method (followed by Tukey’s post hoc 
test for pairwise comparison of groups) were used 
for statistical analysis. P < 0.05 was considered 
statistically significant.
RESULTS
Cytotoxic effect of periodontal dressings on HGF 
cells
HGF cells were exposed to the 1-, 3- and 7-day 
extracts of Coe-Pak and Reso-Pac and the percentage 
of cell viability was evaluated at 24 h and 72 h after 
exposure (Table 2, Figures 1A and 3).
At 3- and 7-day Coe-Pak extracts significantly 
decreased HGF cell viability compared to the 
negative control group (dose-dependent cytotoxicity) 
and the difference in this respect with Reso-Pac was 
statistically significant (P < 0.05). However, 1-day 
Coe-Pak extract had no significant (P > 0.05) effect on 
cell viability compared to the negative control (Figure 
1A). For Reso-Pac, the significant reduction in HGF 
cell viability (compared to the negative control) only 
was seen after 7-day exposure (P < 0.05) (Figure 1A).
At 72 h, the difference between the 3-day and 7-day 
extracts of Reso-Pac and Coe-Pak was statistically 
significant (P < 0.05). 
Comparison of the effects of extracts on HGF cells at 
24 h and 72 h revealed that no significant differences 
were seen between 24 h and 72 h exposure in all 
experimental groups (P < 0.05) (no time-dependent 
cytotoxicity) (Figure 4A).
Morphological assessment of HGF cells at 
24 h after Coe-pak and Reso-pac time-course 
extracts exposure has shown in Figure 2. 
Figure 2. Qualitative morphological assessment of human gingival fibroblast cells at 24 h after Coe-Pak and Reso-Pac time-course extracts 
exposure.
NC = negative control (no cytotoxicity); PC = positive control (severe cytotoxicity).
Apoptotic (dead) cells are marked with arrows.
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Apoptotic (round dead cells) was significantly seen 
more in Coe-Pak treated cells than in Reso-pac treated 
cells.
No significant difference was found (P > 0.05) in the 
viability of HGF cells exposed to 1-day undiluted 
extract (100%) and diluted extract (50%) of both 
understudy dressing materials (Figure 5).
Cytotoxic effect of periodontal dressings on Saos-2 
cells
Saos-2 cells were also exposed to Coe-Pak and Reso-
Pac extracts and the percentage of cell viability at 
24 h and 72 h was evaluated (Table 3, Figures 1B 
and 4B).
At 24 h, 3- and 7-day exposure to Coe-Pak extracts 
were significantly (P < 0.05) toxic for Saos-2 cells 
(reduction in cell viability > 30%); whereas, Reso-Pac 
extracts slightly decreased cell viability which was 
significant only at 7-day time point (but still > 70%) 
(P < 0.05) (Figure 1B). 
At 72 h after the exposure of Saos-2 cells to 1-, 3- 
and 7-day extracts of the two periodontal dressings, 
it was observed that 1-, 3- and 7-day extracts of Coe-
Pak significantly decreased cell viability and this 
difference compared to Reso-Pac was statistically 
significant (P < 0.05). On the other hand, 1-, 3- and 
7-day extracts of Reso-Pac decreased cell viability as 
well but compared to the negative control group, these 
reductions were not significant (P > 0.05) (Figure 4B).
Comparison of the effects of extracts on Saos-2 
cells at 24 h and 72 h revealed that no significant 
differences were seen between 24 h and 72 h exposure 
in all experimental groups (P < 0.05) (no time-
dependent cytotoxicity) (Figure 4B).
Qualitative morphological assessment of Saos-2 
cells at 24 h after Coe-pak and Reso-pac time-course 
extracts exposure has shown in Figure 3. Apoptotic 
(round dead cells) was significantly seen more in 
Coe-Pak treated cells than in Reso-Pac treated cells. 
Figure 3. Qualitative morphological assessment of human osteoblast-like cell at 24 h after Coe-Pak and Reso-Pac time-course extracts 
exposure.
NC = negative control (no cytotoxicity); PC = positive control (severe cytotoxicity).
Apoptotic (dead) cells are marked with arrows.
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Figure 4. Comparison effect of exposure-time (24 vs 72 h) of 1-, 3- and 7-day extracts of Coe-Pak and Reso-Pac on cell viability and one 
another: A = human gingival fibroblast (HGF); B = human osteoblast-like cell (Saos-2).
No significant differences were seen between 24 h and 72 h exposure in all experimental groups (P < 0.05) (no time-dependent cytotoxicity).
NC = negative control (no cytotoxicity, 100% viability); PC = positive control (cytotoxicity, viability ≤ 10%).
MTT assay 24 h after extract exposure to HGF cells
MTT assay 24 h after extract exposure to Saos cells
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Also, the number of dead Coe-Pak treated cells was 
seen more in Saos-2 cells than in HGF cells (Figure 2 
and 3).
As seen in Figure 5, no significant difference was 
found in the viability of Saos-2 cells exposed to one-
day undiluted extract (100%) and diluted extract 
(50%) of Reso-pac. Interestingly, diluted Coe-Pak 
extract had less cytotoxic effect (~ 30% increase in 
cell viability compared to undiluted extract) on Saos-2 
cells (P < 0.05). 
DISCUSSION
Periodontal dressings are intended to protect the 
wound after periodontal surgery to prevent any 
delay in the process of wound healing. Clearly, 
periodontal dressings should meet the required 
criteria for wound healing and must not be toxic 
to the periodontal tissue; because if so, the process 
of wound healing will be delayed. Evaluation of 
B
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the effects of periodontal dressings on gingival 
healing is an interesting topic of research for 
periodontists. Evidence shows that eugenol-
containing dressings delay the process of healing [22], 
cause allergic reactions [11] and prevent fibroblast 
proliferation [7]. Several in vivo and in vitro studies 
[12,23-28,30] have investigated the cytotoxicity of 
periodontal dressings. Some in vitro tests have been 
introduced for cytotoxicity testing of materials with 
the use of cell culture medium [31]. Screening for 
local toxicity of products has also been carried out 
by implantation tests to further assess the biological 
properties of materials [18,21,32-34].
Several primary cell culture media and cell types have 
shown different responses to periodontal dressings 
[34]. Mouse fibroblasts (3T3), L929 and HeLa cells, 
human epithelial cells, human gingival fibroblasts 
and leukocytes have been used for this purpose [7,12, 
35-37].
Presently, assessment of diverse viability has been 
suggested for testing the cytotoxicity of different 
materials against mammalian cells. In vitro 
assessment of colony formation is the most relevant 
technique for estimation of cytotoxicity [38]. 
In our study, HGF (fibroblast) and Saos-2 (osteoblast-
like) cells were evaluated for the assessment of 
cytotoxicity of Coe-Pak and Reso-Pac in cell culture 
medium (Table 1); the effects of 1-, 3- and 7-day 
extracts of dressings were evaluated on HGF cell 
culture medium at 24 h and 72 h. The 3- and 7-day 
extracts of Coe-Pak at 24 h and 72 h significantly 
(P < 0.05) decreased cell viability; whereas, this 
reduction was insignificant (P > 0.05) for Reso-
Pac. The reduction in cell viability due to exposure 
to 1-day extract of Coe-Pak and Reso-Pac at 24 h 
and 72 h was insignificant (P > 0.05) (Tables 1 and 
2). Similar results were obtained for Saos-2 cells 
indicating that Coe-Pak extract is toxic for HGF and 
Saos-2 cells as time exceeds 24 h. These results for 
Saos-2 cells are more significant probably due to the 
accumulation of toxic materials released from Coe-
Pak over time [38]; whereas, Reso-Pac extract had an 
insignificant effect on HGF and Saos-2 cell cultures. 
Sunzel et al. [15] stated that the combination of 
colophony and zinc in the composition of periodontal 
dressings may cause cytotoxic effects. On the other 
hand, rosin is among the main constituents of Coe-
Pak that induces a strong dose-dependent cytotoxic 
reaction in PMN leukocytes and HGF cells (in 
vitro); however, this effect decreases by increasing 
the concentration of zinc. It has been noted that pure 
resin acids released from natural rosin are the main 
toxic compounds. In our study, the toxicity of Coe-
Pak against HGF and Saos-2 cells became more 
apparent over time; this result was in agreement with 
the findings of several in vivo and in vitro studies 
[7,12,22,24,27,29,30,40].
Studies on cellulose-based periodontal dressings 
Figure 5. Comparison effect of dilution factor on cell viability at 24 h after exposure to 1-day undiluted (100%) and 1:2 diluted (50%) 
extracts of Coe-Pak and Reso-Pac.
aStatistically significant difference between the groups at the level P < 0.05 (One-way ANOVA, Tukey’s post-hoc test).
Only one group showed a significant reduction in cytotoxicity (increased viability) due to dilution.
HGF = human gingival fibroblast; Saos = human osteoblast-like cell.
MTT assay 24 h after 1-day extract exposure to cells
Cell viability
(% of control)
HGF Saos
Coe-Pak Reso-Pak
100% extract
100% extract (1/2 dilution)a
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are scarce. Petelin et al. [28] evaluated the effect of 
Reso-Pac on fibroblasts and gingival wound healing 
compared with Barricaid, Fittydent, Mycotect, Coe-
Pak and Peripac. They reported that Reso-Pac showed 
the best epithelialization and vascularity and the least 
inflammatory reaction during the first 4 days and was 
reported to be the most suitable periodontal dressing 
[28]. In the present study, the toxicity of Reso-Pac 
against HGF and Saos-2 cells was insignificant 
(P > 0.05); which is in accord with previous studies. 
In some previous studies, relative toxicity of the tested 
materials was significantly variable depending on the 
type of cells tested [19,39-41]. Geurtsen et al. [38] 
reported that various primary cells of the human oral 
tissues such as human pulp fibroblasts and human 
periodontal ligament fibroblasts are more susceptible 
to change due to exposure to test materials compared 
with 3T3 gingival fibroblasts. They stated that no 
cell line has been recognized to always show hyper- 
or hypo-sensitivity in response to the toxic effects of 
materials [38]. Moharamzadeh et al. [41] confirmed 
greater change in cell response of human primary 
periodontal ligament cells and pulp fibroblasts 
compared with 3T3 fibroblasts. 
Selimović-Dragaš et al. [42] also observed differences 
in the response of NIH3T3 mouse fibroblasts 
and UMR-106 osteoblasts for the evaluation of 
cytotoxicity of resin-modified glass ionomer cements 
(RMGICs) and the conventional glass ionomer 
cements (GICs). Similarly, in our study Saos-2 cells 
showed a more significant response than fibroblasts; 
which confirms the findings of previous studies 
indicating different responses of different cell lines to 
toxic materials.
Polymerized Barricaid is another periodontal dressing 
approved as a biocompatible material in previous 
studies. It sets by visible light radiation by a light-
curing unit [37]. In other words, following an accurate 
lighting protocol and complete polymerization it 
releases toxic resin compounds. However, it requires 
more equipment for setting compared to cellulose-
based periodontal dressings. This issue can be a 
limitation for its application compared with Reso-Pac, 
which is ready to use [43].
CONCLUSIONS
Based on the results, Reso-Pac cellulose-based 
periodontal dressing is more biocompatible for human 
gingival fibroblast cells than Coe-Pak. Coe-Pak 
has significant cytotoxic effects on human gingival 
fibroblast and human osteoblast-like cells especially 
after 3 days of use. Application of some periodontal 
dressings, despite the described advantages, may 
delay gingival wound healing following surgery by 
releasing toxic materials.
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